OBJECTIVES-To determine the incidence of fecal incontinence (FI) in community-dwelling older adults and identify risk factors associated with incident FI.
were observed in men. Controlling for age, comorbidity count, and BMI, significant independent risk factors for incident FI in women were white race, depression, chronic diarrhea, and urinary incontinence (UI). UI was the only significant risk factor for incident FI in men.
CONCLUSION-The occurrence of new FI is common in men and women aged 65 and older, with a 17% incidence rate over 4 years. FI and UI may share common pathophysiologic mechanisms and need regular assessment in older adults.
Keywords fecal incontinence; incidence; urinary incontinence; African Americans; gender; functional bowel disorders; epidemiology Fecal incontinence (FI), commonly defined as the involuntary loss of liquid or solid feces or mucus, is a distressing disorder with a negative effect on quality of life. 1, 2 Recent data from the National Health and Nutrition Examination Survey (NHANES) from 2005/06 suggest that the U.S. prevalence of FI in community-dwelling adults is 8.3% to 15.3% in adults aged 70 and older. 3 These recent NHANES data, based on a sample representative of the U.S. population in terms of age distribution and racial and ethnic diversity, compares with prior estimates of FI prevalence that varied from 2% to 24%. 2, [4] [5] [6] [7] [8] [9] A paucity of data exists for incident FI estimates in community-dwelling populations, 10 although there is incidence data for specific cohorts such as postpartum women, 11 nursing home residents, 12 and stroke survivors. 13 Risk factors associated with FI from crosssectional studies vary in the literature. Epidemiological studies of men and women have shown that FI often exists with other comorbid disorders, pelvic floor disorders, and bowelrelated symptoms, such as loose or watery stools and fecal urgency. [6] [7] [8] [9] [14] [15] [16] [17] The objectives of this study were to provide estimates of FI incidence in older, community-dwelling adults and to describe risk factors associated with incident FI over a 4-year period as part of a population-based longitudinal cohort study.
METHODS
The University of Alabama at Birmingham (UAB) Study of Aging initially enrolled 1,000 participants from November 1999 to February 2001 to evaluate mobility in older adults. Details of the background, study design, and recruitment have been previously published. 18 In brief, participants were recruited from five counties in west-central Alabama from Medicare beneficiary lists stratified according to sex, race, and urban versus rural settings. To examine differences between African Americans and whites, men and women, and urban and rural residence, the study sample was balanced to represent these groups equally. Thus, the sample included 25% African-American women, 25% African-American men, 25% white women, and 25% white men; within each stratum, participants were selected to be 50% rural and 50% urban. The UAB institutional review board approved the study. All participants provided written informed consent.
The 1,000 initial participants were followed with telephone assessments at 6-month intervals and had a second in-home assessment at 4 years. Participants who were continent of stool at the baseline assessment, remained in the community, and completed a follow-up in-home assessment 4 years later (2004/05) were eligible for this analysis.
During baseline in-home assessments, trained interviewers used a structured questionnaire and asked participants about sociodemographic factors, medical conditions, and activities of daily living (ADLs). Body mass index (BMI) was calculated from weight and height (kg/ m 2 ) measurements obtained during the assessment. ADL questions included difficulty with bathing or showering, dressing and undressing, eating, and transferring out of bed or chair and specifically excluded incontinence or toileting. 19 ADL scores ranged from 0 to 4, reflecting the number of activities participants reported having any difficulty performing; thus, a score of 4 reflected the highest level of ADL difficulty. Depressive symptoms were assessed according to the 15-item Geriatric Depression Scale, on which a score of 5 or greater is used to indicate a positive screen for depressive symptoms. 20 Mental status was assessed using the Folstein Mini-Mental State Examination (MMSE). 21 On the MMSE, higher scores represent better mental status, and a score of 23 or less indicates impaired cognition. A co-morbidity count was calculated based on the number of medical conditions included in the Charlson Comorbidity Index that were present, without regard to the severity of the conditions. 22 Respondents were asked whether a physician had told them that they had specific medical conditions. The conditions assessed were congestive heart failure, myocardial infarction, valvular heart disease, peripheral arterial disease, hypertension, diabetes mellitus, chronic obstructive pulmonary disease, kidney failure, liver disease, nonskin cancer, neurological disease, and gastrointestinal disease. A condition was validated if the participant reported taking a medication for the disease or condition, if the primary physician returned a questionnaire indicating that the participant had the condition, or if a hospital discharge summary for a hospitalization in the previous 3 years listed the condition. The comorbidity count ranged from 0 to 12, with higher numbers representing more comorbidities.
Women were asked additional questions about parturition factors, hysterectomy, and use of hormone therapy (including prior and current use). Men were asked additional questions about prostate problems including prostate cancer, benign prostatic hypertrophy or enlarged prostate, and prostatitis. The use of alpha adrenergic blockers was also examined as a potential risk factor in men. Sex-specific information was also verified as above.
In addition to the interview questions, physical performance was assessed using the Short Physical Performance Battery (SPPB), which included time to walk 9 feet, time to stand up from a firm seat five times with arms folded across the chest, and balance, evaluated according to ability to stand for 10 seconds first with feet together, then semitandem (side of heel of one foot touching the big toe of the other foot), and then tandem (heel of one foot directly in front of and touching the toes of the other foot). 23 For each task, scores ranged from 0 to 4, with 4 indicating the best performance. A composite score (0-12) was obtained by summing scores from the individual tasks.
As part of a planned secondary analysis, FI was assessed using the same question at baseline and again at 4 years during the in-home assessments: "In the past year, have you had any loss of control of your bowels, even a small amount that stains or slightly soils your underwear?" At each time, participants reporting any loss of control of bowels in the past year were defined as having FI. Additional questions addressed FI frequency with the following response options: daily, one or more times a week, one or more times a month, and less than one time a month. Participants with a positive response to any loss of control of bowels and a positive response to one or more times a month were defined as having monthly FI. In addition to FI, participants responded to questions on the presence or absence of constipation and chronic diarrhea. Participants were not asked about FI at any other times during the longitudinal study period.
Urinary incontinence (UI) was ascertained using the following questions: "Have you ever leaked even a small amount of urine?" and "How often does this leaking occur?" Participants who reported that they had urine leakage at least monthly were considered to have UI.
Potential risk factors for FI were identified from the baseline data and analyzed separately for men and women. Univariate analyses were conducted to evaluate which factors were correlated with incident FI, using chi-square analyses for categorical variables and analysis of variance for continuous variables. Given the small number of participants with incident FI, a limited number of variables (P≤.05) were entered into a multivariable forward stepwise logistic regression with separate models for comparison of FI frequency. Any FI and monthly FI were entered into separate models according to sex as dependent variables. Variables that were correlated were entered separately while retaining age, BMI, and the comorbidity count. Given that age, BMI, and comorbidity count have been reported as risk factors for FI in other cross-sectional studies, these variables were retained in the final multivariable models for any and monthly FI. 3, [6] [7] [8] [9] The resulting models were evaluated for goodness of fit. STATA 8.2 was used for statistical analyses (Stata Corp., College Station, TX).
RESULTS

Study Sample
Of the 1,000 participants of the UAB Study of Aging, 217 had died, and 159 were not available for in-home assessment at Year 4 ( Figure 1 ), leaving 624 participants with data on FI at baseline and at 4 years, a response rate of 80%. Overall, 22% of the baseline participants were dead at 4 years (77 women and 140 men, P<.001). Participants who were dead or missing were older at baseline than those with 4-year data on FI (77 vs 74, P<.001) but had no differences in race, baseline FI, or comorbidity counts. Participants who were dead or missing at 4 years were not more likely to have had higher rates of baseline FI than those alive at 4 years (11% vs 14%, P =.10). Only the 557 (297 women and 260 men) who were continent at baseline were included in the analysis of incident FI.
Demographics
The characteristics of the 557 participants according to continence status are shown in Table  1 . Mean age was 77.7 ± 5.5 (range 69-89).
Incidence of FI
The incidence rate of FI was 17% (95% confidence interval (CI) =13.7-20.1) at 4 years. No statistically significant differences in incident FI were seen in women (18%) and men (16%) (P =.58). The majority of participants with incident FI had FI episodes less than one time per month (64/93; 69%). Monthly or greater FI incidence was 6.3% (95% CI =4.0-8.3), without any significant sex differences (P =.19). The remission rate for participants with any FI during the previous year over the 4 years was 57% (38 of the 67 who were incontinent at baseline).
Risk Factors for Incident FI
For women without FI at baseline, factors predictive of any FI after 4 years according to multivariable analysis (P<.05) were non-Hispanic white ethnicity, Geriatric Depression Scale score greater than 5, UI, and chronic diarrhea ( Table 2) . Considering incident FI occurring monthly or more at 4 years, only ethnicity and depression remained significant risk factors in multivariable analysis in women (data not shown). For men without FI at baseline, the only risk factor for incident FI occurring annually, or monthly FI, was UI.
Variables not significantly related to incident FI in men or women were age, BMI, education, rural residence, living alone, comorbidity score, constipation, SPPB score, and MMSE score. In women, no differences were seen according to parity status, hormone therapy usage, or prior hysterectomy. History of prostate disease, prior prostate surgery, and use of alpha adrenergic blocking medications did not differ in the men with and without incident FI.
DISCUSSION
The Fourth International Consultation on Incontinence concluded that more research is needed to define risk factors for FI in longitudinal studies, as well as cross-sectional studies in different age groups. 1 Data on incident FI is scarce in community-dwelling adults, with limited data on racial and ethnic differences. 1, 4 This 4-year, prospective, longitudinal study in community-dwelling older adults reports on incident FI in a unique population balanced in terms of sex and race. A 4-year incidence rate of 17% was found for FI, with 18% of women and 16% of men reporting incident FI. African-American race was a protective factor for women, even after controlling for differences in sociodemographic characteristics and comorbid disease burden. In women and men, UI was a risk factor for incident FI.
Definitions of FI vary considerably in the literature, with no universally accepted definition. 1 In addition, most FI definitions are limited to describing the type of leakage as liquid or solid stool, usually excluding staining or flatal incontinence. 24 Few epidemiological studies or cohort studies report a specific time frame or frequency of FI episodes in the definition, even with the use of a questionnaire validated for measuring FI. 3, 4, [8] [9] [10] 25 Of these studies using validated and time-defined measures, the overall prevalence rate of monthly FI ranges from 3% to 15%. [2] [3] [4] 9 In the NHANES study from 2005/06 that used a validated FI questionnaire in a population representative of the U.S. population in terms of age distribution and racial and ethnic diversity, prevalence of FI increased with age, from 2.6% in people aged 20 to 29 to 15.3% in adults aged 70 and older, without sex differences. 3 In the UAB Study of Aging, FI was defined as a positive response to the question, "In the past year, have you had any loss of control of your bowels, even a small amount that stains or slightly soils your underwear?" Thus, the FI definition included staining and seepage but not flatal incontinence. The baseline prevalence and 4-year incidence of any FI in the previous year and monthly FI was comparable with those found in other studies. [2] [3] [4] 8, 9 Staining and seepage may be more frequent than the loss of liquid or solid stool, but all types of FI are significantly underreported and negatively affect quality of life. 26 Independent risk factors for prevalent FI according to sex in the NHANES cohort and another study examining 10-year FI incidence rates are similar to the risk factors reported in this study and included the presence of loose or watery stools or diarrhea and UI. 3, 10 In the study reporting 10-year FI incidence rates, the incidence rate was 7% (95% CI =5.0-9.6) from a community-dwelling cohort (aged ≥50) using a similar definition for "any" FI. When comparing this study with the current one, the 15-year difference in age at baseline (50 vs 65) and the 11-year difference in average age of the participants at follow-up (67 ± 9 vs 77.7 ± 65.5) may partially explain the lower FI incidence rates (7% vs 17%). 10 Although this study was a postal survey, with a lower response rate (44%) than the response rate for an inhome assessment (nearly 80%), the authors found that diarrhea, incomplete bowel evacuation, and pelvic radiation were risk factors for incident FI without controlling for the effect of functional status or chronic comorbidity. 10 Older age has been found to be a significant risk factor for FI in the literature. 3, 4, 8 Similar to other studies in older adults, 8 age was not a significant risk factor in the current study, probably because of the sample's limited age range. Having multiple chronic diseases was a risk factor for prevalent FI in women in the NHANES survey and in the cross-sectional data from this cohort but not for incident FI in the current study. 3, 6 At baseline, a small number of participants had impaired mental status (defined as a MMSE score <24) and limited mobility (based on the SPPB) and may have limited the ability to detect these variables as potential risk factors for incident FI.
Although no differences were seen according to race or ethnicity in the NHANES data, older African-American women were less likely to have incident FI even after controlling for age, rural residence, education, marital status, and comorbidity counts. This finding was also observed in a younger population of postpartum women with sphincter tears 16 but contrasts with another study in which older African Americans were more likely to report prevalent FI. 8 It is possible that a reporting bias existed among the African-American women in this cohort, resulting in the lower rates of FI seen at 4 years, although no racial or ethnic differences were seen in incident UI or the prevalence of FI at baseline. 6, 27 More research is needed to explain the racial and ethnic differences that were found in the older AfricanAmerican women with FI in the current study.
Of the other risk factors evaluated in this study, the presence of UI was the only factor that was significantly related to incident FI in men and women. It is possible that common pathophysiological mechanisms exist that could explain dual UI and FI in older adults. Urination and defecation involve voluntary control of the urinary and external anal sphincters, and toileting is dependent on mobility. Recent magnetic resonance imaging studies of older adults with urge UI show specific patterns of neurological control in the central nervous system, but little information exists for control of defecation in humans. 28 Using behavioral strategies similar to those developed for urinary control, behavioral treatments for FI teach targeted skills to control urgency associated with defecation, along with improving voluntary control of the external anal sphincter and improving stool consistency. 1 More information and research is needed on the treatment of dual incontinence with behavioral therapies.
In addition to UI and racial and ethnic differences as risk factors for incident FI, depression and chronic diarrhea were also significant risk factors in older women. Depression is often correlated with UI and FI, but the relationship between cause and effect is not known. It is possible that medications that treat depression may have gastrointestinal side effects and affect the presence of FI, although altering neurotransmitter levels of serotonin and norepinephrine may not physiologically predispose patients to FI or UI. Chronic diarrhea and loose stools have been associated with FI prevalence in cross-sectional studies. 2, 3 Other studies have prospectively evaluated incident FI and risk factors in nursing home residents 27 and those surviving a stroke. 12 In 234 nursing home residents, one study found that 20% developed FI, but only 7.5% had persistent FI at 10 months. 29 Factors associated with persistent FI at 10 months were UI, poor mobility, and impaired cognition but not age and sex. 29 A study of 3,850 nursing home residents found a 1-year incidence rate of 15%. 11 Risk factors included impairments in ADLs, dementia, the use of trunk restraints, and African-American race, without differences in age or sex. Given the high rates of FI in nursing home residents (up to 50%) and the dependence of incontinent nursing home residents on toileting assistance, risk factors for incident FI in nursing home residents may differ greatly from those of community-based cohorts. 30 Scarce data exist for incident FI in community-dwelling cohorts, and less is known about the natural history of FI from prospective cohort data. The current study adds to the literature on incident FI specifically in community-dwelling older adults enrolled in a population-based longitudinal survey.
Although this study was population based, it may have limited generalizability to the entire U.S. population given that it recruited Medicare beneficiaries from only one state in the South. Overall, the small number of participants found to have incident FI in the previous year (n =93) and monthly or more (n =29) limited the power to detect all potentially important risk factors for FI. Another limitation of this study was the high FI remission rate (57%) from a subset of this cohort (n =64). The FI remission rate is comparable with high remission rates also seen for UI in this cohort at 3 years: 39% for women and 55% for men. 27 Further research is needed to understand incontinence remission rates in older adults.
CONCLUSIONS
Four-year incidence of FI in community-dwelling older adults was 18% in women and 16% in men. UI was a risk factor for incident FI in women and men, and treatments such as behavioral therapy aimed at improving UI and FI deserve further attention. More information is needed to explore common pathophysiological mechanisms that may predispose older adults to UI and FI. Participants in the University of Alabama at Birmingham Study of Aging from baseline to 4 years with data on fecal incontinence (FI). .29
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